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I .  I n t r o d u c t i o n  

A t  t h e  r e q u e s t  o f  D r .  George U l l r i c h ,  Deputy Director of t h e  
Defense Nuclear  Agency, a "Blue Ribbon R e v i e w "  of t h e  TMD 
L e t h a l i t y  Program w a s  i n i t i a t e d  i n  January  of 1992. A group of 
c o n s u l t a n t s  w a s  assembled by Logicon RDA under  t h e i r  SETA C o n t r a c t  
Number DNA001-88-C-0046 t o  per form t h e  review. The group inc luded :  

D r .  George Abrahamson 
Chief  S c i e n t i s t ,  Uni ted  S t a t e s  A i r  Force  

D r .  Wallace Deen 
C e n t r a l  I n t e l l i g e n c e  Agency ( r e t .  ) 

D r .  Ar len  F i e l d  
Kaman S c i e n c e s  Corporation 

D r .  M i l t  G i l lesp ie  
L o s  A l a m o s  N a t i o n a l  Labora to ry  

D r .  David Huxsol l  
Lou i s i ana  S t a t e  U n i v e r s i t y  

D r .  Cyrus Knowles 
JAYCOR 

M r .  Ken Kreyenhagen 
C a l i f o r n i a  Research & Technology, I n c .  

D r .  Joshua Lederberg 
The R o c k e f e l l e r  U n i v e r s i t y  

Major Genera l  Pe te r  Olenchuk 
U.S. Army ( r e t . )  

D r .  Michael  F r a n k e l  of t h e  Defense Nuclear  Agency a c t e d  as t h e  
Government Coord ina to r ,  and M r .  Kreyenhagen of CRT acted as t h e  
Techn ica l  Coord ina to r  o f  t h i s  project .  D r .  David Gakenheimer of 
Logicon RDA a c t e d  as t h e  Execu t ive  S e c r e t a r y ,  and  h e  and  
M r .  Kreyenhagen compiled t h i s  repor t .  B i o g r a p h i c a l  s k e t c h e s  of a l l  
of t h e s e  people are g iven  a t  t h e  end of t h i s  repor t .  

The review w a s  i n i t i a t e d  by  having  t h e  team of c o n s u l t a n t s  a t t e n d  
t h e  TMD par t  of t h e  LTH-5 Semi-Annual Review Meeting a t  F o r t  B l i s s  
on March 2 and 3, 1992. Subsequent t o  t h a t ,  a series of topical  
meet ings  w a s  o r g a n i z e d  t o  address s p e c i f i c  s u b j e c t s  r e q u e s t e d  by 
t h e  c o n s u l t a n t s .  I n  p a r t i c u l a r ,  t h e  f o l l o w i n g  meet ings  were h e l d :  

Jmril 20 and 2 1. 1992 a t  DNA Headuuar te rs  
AB0 Threat Overview, Sharon Watson, AFMIC 
TMD Program Overview, Maj. Ken Bradley,  DNA/SPSP 
Bulk Chemical Breakup, N o r m  Banks, SAIC 
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Mav 7 ,  1992 a t  Bat te  l l e  
P l a n s  f o r  B i o l o g i c a l  Warhead L e t h a l i t y  Program, 

C a r l  Alexander  & s t a f f ,  BCL 

June 18 and 1 9 ,  1992 a t  Kaman S c i e n c e s  ( H u n t s v i l l e .  AL) 
TMD Threat  Overview, J i m  Foshee, D I A / M S I C  
C h e m i c a l  Warhead Program Overview, Bob B e c k e r ,  USASDC 
S l e d  T e s t s ,  S t e v e  Mul l in s ,  TBE 
Hydrocode C a l c u l a t i o n s ,  N a s i t  A r i ,  KSC 
AB0 Warhead S t r u c t u r a l  Breakup, E d  Rush, KSC 
Live Agent Tests Di scuss ion ,  Bob Becker,  USASDC 
TMD Assessment,  J u l i u s  L i l l y ,  USASDC 
K i l l  C r i t e r i a  Development, Richard Jackson,  KSC 
Impact Damage Models, J e f f r e y  E lde r ,  KSC 
TMD Systems L e t h a l i t y  Assessment,  Becky S c r i p ,  MEVATEC 
Atmospheric  Dispersal, J u l i u s  L i l l y ,  USASDC & 

Steve D i e h l ,  KSC 

Octobe r 6 and  7 ,  1992 a t  Louicon RDA (Washinuton. D . C .  1 
Closed working s e s s i o n  

I n  t h i s  report ,  w e  p r e s e n t  t h e  t e c h n i c a l  and  programmatic  i s s u e s  
i d e n t i f i e d  by t h e  c o n s u l t a n t s  and  t h e i r  recommendations t o  address 
t h e s e  i s s u e s .  The n e x t  s e c t i o n  under  t h i s  t ab  is  a summary of t h e  
i s s u e s  and  recommendations from t h e  e n t i r e  t e a m  of c o n s u l t a n t s  as 
prepared by  D r .  Gakenheimer and  M r .  Kreyenhagen f o r  t h e  
convenience  o f  t h e  readers. T h e  i n d i v i d u a l  p o s i t i o n s  of t h e  
c o n s u l t a n t s ,  which i n  some cases have a d i f f e r e n t  emphasis  t h a n  
t h e  summary, are p r e s e n t e d  i n  t h e  remainder  o f  t h i s  report .  

The c o n s u l t a n t s  o n l y  had t i m e  t o  review t h e  par t s  o f  t h e  TMD 
L e t h a l i t y  Program t h a t  p e r t a i n  t o  chemical and  b io logica l  warhead 
t h r e a t s  carried by b a l l i s t i c  missiles. There  are o t h e r  t h e a t e r  
m i s s i l e  t h r e a t s ,  i n c l u d i n g  n u c l e a r  warheads, HE warheads,  and  
v a r i o u s  warheads carried by c r u i s e  missiles. L e t h a l i t y  a g a i n s t  
t h e s e  t h r e a t s  i s  of e q u a l  (or  p o s s i b l y  more) importance,  and  
i n v o l v e s  some d i f f e r e n t  phenomenology. Tasks a d d r e s s i n g  t h e s e  
threats  s h o u l d  be reviewed i n  t h e  f u t u r e .  ( N o t e ,  f o r  example, t h a t  
low-f ly ing  c r u i s e  missiles may a c t u a l l y  be t h e  preferred way of 
d e l i v e r i n g  chemica l  and  b i o l o g i c a l  a g e n t s . )  

The budget  f o r  t h e  TMD L e t h a l i t y  Program h a s  been ramping up v e r y  
q u i c k l y  from abou t  $ 1 . 0  m i l l i o n  i n  FY90 t o  $27.0 m i l l i o n  i n  FY92, 
and  t h e  b io logica l  par t  of t h e  program j u s t  got s tar ted i n  FY92. 
A s  a r e s u l t ,  t h e  program h a s  been changing  v e r y  r a p i d l y ,  and  some 
of t h e  c o n s u l t a n t s '  ideas have a l r e a d y  been implemented or  w i l l  be 
before t h i s  report  i s  d i s t r i b u t e d .  A s  a n o t h e r  consequence of t h e  
r a p i d l y  e v o l v i n g  program, new data are coming i n  weekly which 
could modify some of t h e  c o n s u l t a n t s '  recommendations. I n  
a d d i t i o n ,  w e  u n d e r s t a n d  t h a t  some l e t h a l i t y  work may be ongoing i n  
t h e  i n t e r c e p t o r  development programs themse lves .  T h e  c o n s u l t a n t s  
did n o t  review t h i s  work, n o r  work b e i n g  funded by  SDIO overseas. 
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11. Summary o f  I s s u e s  and Recommendations 

1. The fundamental objectives of the program are not clearly 
defined. The TMD l e t h a l i t y  program needs  t o  have t h r e e  
o b j e c t i v e s :  

Suppor t  o f  TMD sys tems by q u a n t i f y i n g  l e t h a l  e f f e c t s  o f  
p a r t i c u l a r  k i l l  mechanisms a g a i n s t  e x p e c t e d  t h r e a t s  (e .g . ,  
impac t s  o f  h i t - t o - k i l l  v e h i c l e s  i n t o  t h r e a t  warheads a t  
d i f f e r e n t  v e l o c i t i e s )  . 
B u i l d  l o n g e r  range  t e c h n i c a l  base needed f o r  l e t h a l i t y  
a s s e s s m e n t s  a g a i n s t  unde f ined  f u t u r e  t h r e a t s .  

P r o v i d e  independent  a s ses smen t s  o f  t h e  e f f e c t i v e n e s s  of 
i n t e r c e p t o r  sys t ems .  

It a p p e a r s  t h a t  only the first of these objectives is presently 
being addressed by the DNA program. T h i s  narrow f o c u s  may reflect 
i n f l u e n c e  from t h e  c u r r e n t  sys tem d e v e l o p e r s .  However, d e f e n s e  
a g a i n s t  b a l l i s t i c  and c r u i s e  missiles i s  a l o n g  t e r m  i s s u e  t h a t  
s h o u l d  i n v o l v e  a b road  r ange  o f  p o t e n t i a l  ( b u t  rea l i s t ic )  t h r e a t s  
and i n n o v a t i v e  i n t e r c e p t o r  warhead t e c h n o l o g i e s  t o  d e f e a t  them. 

Recommendation la: I n  c o o r d i n a t i o n  w i t h  SDIO, a clearer set  of 
objectives needs  t o  be e s t a b l i s h e d  f o r  D N A ' s  TMD L e t h a l i t y  
Program. These o b j e c t i v e s  shou ld  meet t h e  r e q u i r e m e n t s  o f  TMD 
sys tems,  and  s h o u l d  a l s o  p r o v i d e  methodologies  and  a t e c h n i c a l  
f o u n d a t i o n  f o r  l e t h a l i t y  a s ses smen t s  a g a i n s t  a f u l l  r ange  of 
p o t e n t i a l  t h r e a t s .  DNA s h o u l d  p o s i t i o n  i t s e l f  as t h e  l e t h a l i t y  
t echno logy  l e a d e r .  

2. 
system analyses and sensitivity studies to define critical issues. 
W e  d id  n o t  see a l i s t  o f  i n t e r c e p t o r  per formance/des ign  
c o n s t r a i n t s  and t r a d e o f f s  t o  be c o n s i d e r e d  ( i . e . ,  i n t e r c e p t  
a l t i t u d e ,  impact  v e l o c i t y  and  mass, e t c . ) ,  n o r  a l i s t  of t h e  
c r i t i ca l  l e t h a l i t y  i s s u e s  b e i n g  addres sed ,  n o r  a l i s t  of program 
t a s k s  w i t h  t h e i r  r a t i o n a l e  and t e c h n i c a l  i n t e r c o n n e c t i o n .  ( W e  d id  
see a v e r y  compl i ca t ed  f low c h a r t  o f  program e lemen t s  from SDIO, 
b u t  it l a c k s  t h e  r a t i o n a l e  f o r  t h e  e f f o r t s . )  I t  may be t h a t  t h e  
e x i s t i n g  program p l a n  reflects good i n t u i t i o n  abou t  what i s  
i m p o r t a n t ,  b u t  sys tem a n a l y s e s  and  s e n s i t i v i t y  s t u d i e s  are needed, 
especially at this relatively early stage in the program, t o  
d e f i n e  which o f  t h e  l e t h a l i t y  u n c e r t a i n t i e s  are o f  major 
impor tance  t o  sys t ems .  I t  i s  a l s o  u n c l e a r  how t h i s  program 
i n t e r f a c e s  w i t h  t h e  sys tems development programs.  A r e  t h o s e  
programs r e l y i n g  on t h e  DNA program f o r  l e t h a l i t y  d a t a  and 
a s s i s t a n c e  i n  e v a l u a t i n g  v a r i o u s  warhead o p t i o n s ,  or  are t h e y  
d o i n g  t h e i r  own l e t h a l i t y  programs i n  p a r a l l e l ?  

The program plan would be much stronger if it were based on 
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Recommendation 2a: Develop a more complete program plan with 
c l ea r  objectives,  tasks ,  and well-defined products. This 
development should involve s y s t e m  analyses and s e n s i t i v i t y  s tud ies  
t o  help iden t i fy  and p r i o r i t i z e  the  c r i t i c a l  l e t h a l i t y  i s s u e s .  
This planning should a l s o  involve in te r faces  with t h e  in te rceptor  
developers and a rch i t ec tu ra l  s tud ies  f o r  t h e  s y s t e m  analyses and 
de f in i t i on  of in te rceptor  performance/design cont ra in ts  and 
t r adeof f s .  There should be short  term products such a s  
assessments of spec i f i c  in te rceptor  warheads against  s p e c i f i c  
t a r g e t s  using "best estimates" f o r  a l l  t he  input parameters with 
e r r o r  bars .  There should a l s o  be longer t e r m  technology products, 
l i k e  comprehensive assessment t o o l s  which allow analyses of a 
range of possible  t h r e a t  designs and in te rceptor  designs. 

Recommendation 2b: A c r i s p  b r i e f ing  package should be prepared 
f o r  t he  Task Manager t o  describe h i s  program, and a Technical 
Requirements Document (TRD) should be wri t ten f o r  d i s t r ibu t ion  t o  
a l l  t he  program pa r t i c ipan t s  and u s e r s  of t h e  da ta .  

3. The TMD lethality program is relatively large and complex, 
involving a number of disparate technical disciplines and program 
elements. By comparison with other  technical  programs a t  DNA, t h e  
s t a f f  which i s  responsible f o r  t he  TMD l e t h a l i t y  program i s  qu i t e  
l i m i t e d  and spread very t h i n .  

Recommendation 3a: Enlarge the  in-house s t a f f  a t  DNA t o  a s s i s t  
t he  TMD Letha l i ty  Task Manager i n  managing t h i s  highly complex, 
multi-faceted program. Provide h i m  personnel w i t h  exper t i se  i n  a l l  
t h e  major technical  a reas  important t o  t h i s  program including the  
chemical and b io logica l  areas  a s  w e l l  a s  shock physics. 

4. 
the BW part of the lethality program. The U.S. had a b io logica l  
weapons program from 1943 t o  1969,  and a number of d i f f e ren t  
bomblets were designed using d i f f e ren t  mater ia ls  (e .g . ,  aluminum, 
s teel  and p l a s t i c )  and d i f f e ren t  d i spersa l  techniques (forced and 
n a t u r a l ) .  Although only a few of these designs ever reached 
production, prototypes of many of t he  others  w e r e  t e s t e d  success- 
f u l l y  and t h e i r  designs a r e  i n  t he  archives.  These designs should 
be considered i n  t he  l e t h a l i t y  program (see t h r e a t  i s s u e  below). 

Past work on ABOs is not being used as much as it should be in 

I n  addition, simulants w e r e  developed f o r  many of t he  ABOs and 
deployed safe ly  outdoors a s  par t  of t h r e a t  de f in i t i on  and 
detect ion programs. A t  t he  end of t he  U . S .  offensive program, 
methods w e r e  developed t o  destroy t h e  ABOs i n  storage.  This 
information could be very useful i n  planning l e t h a l i t y  experiments 
on AB0 warheads. There i s  no evidence t h a t  t h i s  pas t  experience i s  
being used i n  t h e  present program. 
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Further, chemical and physical propert ies  of many of t he  agents 
and simulants a r e  ava i lab le  along with information on atmospheric 
t ransport  and degradation a s  well a s  information on shock e f f e c t s  
from burs te r  charges used t o  break the bomblets open and disperse 
the  agents.  T h i s  information could a l s o  be very useful t o  the  
l e t h a l i t y  program. 

Recommendation 4a: Task the  Chemical Warfare/Chemical and 
Biological Defense Information Analysis Center ( C B I A C ) ,  o r  some 
other  s imi la r  organization, t o  co l l ec t ,  c r i t i que ,  organize and 
assemble fo r  d i s t r ibu t ion  t o  the  program par t ic ipants  t he  pas t  
data  on biological  weapons t h a t  may be of use t o  the  l e t h a l i t y  
program. The archives a t  Fort Detrick, Dugway, and other  
f a c i l i t i e s  used fo r  biological  weapons development should be 
searched inasmuch a s  a l o t  of past  biological  work i s  not i n  t he  
D T I C  system because it had r e s t r i c t e d  d i s t r ibu t ion .  T h e  same kind 
of l i t e r a t u r e  search should be done f o r  chemical weapons, i f  it 
has not already been done. 

5. 
demonstrated. "Live" simulants f o r  pathogens, w i t h  very s i m i l a r  
chemical and physical propert ies ,  have been developed under pas t  
programs. Pending the  completion of s e n s i t i v i t y  s tud ies  t o  
evaluate the  e f f e c t s  of uncer ta in t ies  and var ia t ions  i n  
propert ies ,  these simulants can be used i n  l e t h a l i t y  experiments. 

The need for testing with real biological agents has not been 

The var ia t ions  i n  the  response of d i f f e ren t  s t r a i n s  of spec i f i c  
agents t o  d i f f e ren t  s t i m u l i  w i l l  i n  many cases be a s  la rge  a s  the  
var ia t ions  between an agent and i t s  simulant. TMD l e t h a l i t y  
should not depend on subt le  var ia t ions i n  p roper t ies .  

Shock propagation propert ies  of biological  agents a re  po ten t i a l ly  
important t o  assessing l e t h a l i t y  of k ine t i c  energy k i l l  devices, 
s ince these proper t ies  w i l l  determine the  pressure-time h i s t o r i e s  
and temperature-time h i s t o r i e s  t o  which agents w i l l  be exposed, 
and a l s o  the  depth t o  which shocks propagate i n t o  a mass of agent. 
Measurements of shock Hugoniot re la t ionships  can be undertaken t o  
define the  shock propagation propert ies  of agents.  However, such 
propert ies  a r e  l i k e l y  t o  be dominated by the  packing density of 
the agents ( i . e . ,  whether they a r e  dry, very porous powders o r  i n  
water ) .  I n  addition, the  uncer ta in t ies  associated with shock 
propagation through the  agent i n  one submunition may be dominated 
by the  uncer ta in t ies  associated with shock propagation from one 
submunition t o  another and through a c l u s t e r  of submunitions. 

Neutralization of biological  agents may not be c r i t i c a l  i f  t h e  
th rea t  warheads a re  intercepted, broken up and the  agents 
aerosolized and dispersed a t  su f f i c i en t ly  high a l t i t u d e s  (15 km o r  
grea te r )  so the  agents become d i lu ted  and never reach the  ground 
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i n  harmful  c o n c e n t r a t i o n s  and /o r  s t a y  a l o f t  l o n g  enough (days  t o  
weeks) t o  be d e s t r o y e d  by u l t r a v i o l e t  r a d i a t i o n .  N e u t r a l i z a t i o n  i s  
more l i k e l y  t o  be impor t an t  i n  l o w - a l t i t u d e  i n t e r c e p t s  of c r u i s e  
missile t h r e a t s  and, p o s s i b l y ,  i n  t h e  case of missile-based 
threats ,  i f  m i c r o e n c a p s u l a t i o n  i s  employed t o  a f f o r d  p r o t e c t i o n  
a g a i n s t  u l t r a v i o l e t  r a d i a t i o n .  Smal l - sca le  l a b o r a t o r y  expe r imen t s  
on real  a g e n t s  may e v e n t u a l l y  be r e q u i r e d  t o  address some of t h e  
n e u t r a l i z a t i o n  i s s u e s ,  b u t  a clearer p l a n  and  r a t i o n a l e  for  them 
i s  needed.  

F i n a l l y ,  s i m u l a n t s  are n o t  as w e l l  known for  t o x i n s .  However, w e  
do n o t  have any r e a s o n  t o  b e l i e v e  t h a t  acceptable s i m u l a n t s  canno t  
be found f o r  t h e  l e t h a l i t y  program. 

Recommendation 5a: Compare t h e  p h y s i c a l ,  t h e r m a l ,  chemica l ,  and  
biological  propert ies  (and t h e i r  n a t u r a l  v a r i a t i o n s )  of real 
a g e n t s  (pa thogens  and t o x i n s )  w i t h  s i m u l a n t s .  Conduct s e n s i t i v i t y  
s t u d i e s  t o  i d e n t i f y  t h e  propert ies  o f  impor tance  t o  l e t h a l i t y ,  and  
t o  assess t h e  consequences on l e t h a l i t y  of  u n c e r t a i n t i e s  i n  t h e  
properties and of v a r i a t i o n s  i n  t h e  p r o p e r t i e s  between d i f f e r e n t  
s t r a i n s  of a g e n t s  and between a g e n t s  and  t h e i r  s i m u l a n t s .  
S p e c i f i c  s e n s i t i v i t y  s t u d i e s  on shock Hugoniot propert ies  s h o u l d  
be conducted  t a k i n g  i n t o  c o n s i d e r a t i o n  v a r i o u s  a g e n t  pack ing  . 
d e n s i t i e s  and d i f f e r e n t  submunit ion d e s i g n s  and s t a c k u p s  i n s i d e  
t h e  warhead. 

Recommendation 5b: Pending examinat ion  o f  t h e  r e l e v a n t  propert ies  
of a g e n t s  and a v a i l a b l e  s i m u l a n t s  and t h e  s e n s i t i v i t y  s t u d i e s ,  
develop p l a n s  f o r  l e t h a l i t y  tes ts  which u s e  o n l y  s i m u l a n t s .  Defer 
p l a n s  f o r  tests w i t h  rea l  a g e n t s  u n t i l  a s t r o n g  need  is  i d e n t i f i e d  
and  documented. E v a l u a t i o n  of t h e  adequacy of s i m u l a n t s  f o r  t h e  
l e t h a l i t y  program w i l l  r e q u i r e  c o n s i d e r a t i o n  o f  microbio logy ,  
p h y s i c a l  and  a tmosphe r i c  chemis t ry ,  and  shock p h y s i c s .  

W e  u n d e r s t a n d  t h a t  t h e  Army, under  d i r e c t i o n  f r o m  SDIO, h a s  
changed p l a n s  and  decided n o t  t o  conduct  tes ts  w i t h  rea l  
biological  a g e n t s  a t  t h e  p r e s e n t  t i m e .  W e  are pleased t h a t  t h e  
real  a g e n t  t e s t i n g  h a s  been deferred u n t i l  t h e  appropriate 
s e n s i t i v i t y  s t u d i e s  can  be conducted  t o  j u s t i f y  i t .  

E a r l y  i n  t h e  review w e  h e a r d  p r e l i m i n a r y  p l a n s  f o r  measuring shock 
Hugoniots  on l i v e  a g e n t s  u s i n g  small l e n t i c u l a r  samples. T h i s  i s  a 
v e r y  d i f f i c u l t  measurement, p a r t i c u l a r l y  i n  v e r y  porous  materials.  
If t h e r e  i s  a need  for  such  measurements, i n  e i t h e r  real  a g e n t s  or  
s i m u l a n t s ,  DNA s h o u l d  employ peop le  who have t h e  e x p e r i e n c e  t o  
make t h e s e  t y p e s  of measurements.  The e x p e r i m e n t a l  and data 
a n a l y s i s  p l a n s  s h o u l d  be c a r e f u l l y  reviewed. 
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Recommendation 5c: With the  r e s u l t s  of the  simulant survey, 
s e n s i t i v i t y  s tud ies  and programmatic implications i n  hand, request 
the  National Academy of Sciences t o  review the  AB0 l e t h a l i t y  
program and t o  comment on whether r e a l  agent t e s t i n g  i s  needed, 
and i f  so, a t  what s tage of the program. 

Editorial Note: Two of the  Blue Ribbon Consultants had other 
views of t he  need fo r  t e s t s  w i t h  r e a l  biological  agents.  
D r .  Knowles expressed concern a s  t o  whether a l l  t he  c r i t i c a l  
l e t h a l i t y  issues  could be resolved w i t h  simulants and he 
recommended doing a few t e s t s  w i t h  r e a l  agents ea r ly  i n  the  
program. 

D r .  Lederberg d id  not a t tend the meeting a t  Ba t t e l l e  where the  
plans fo r  the  A B 0  pa r t  of the l e t h a l i t y  program were reviewed. He 
did subsequently review t h i s  report  and sa id  t h a t  he concurred 
w i t h  it i n  every d e t a i l  on which he i s  an expert ,  although he 
cautioned t h a t  (1) relevant parameters on r e a l  agents should and 
can be carefu l ly  measured i n  small laboratory sca le  experiments; 
( 2 )  there  a re  some underlying assumptions about t he  decay of 
biological  agents i n  the  atmosphere t h a t  a r e  not well understood; 
(3) w e  must a l s o  consider scenarios i n  which a t tacks  a r e  made a t  
night o r  i n  heavy overcast; and ( 4 )  we should consider the  
microencapsulation of biological  agents t o  a f ford  them UV- 
protect ion.  

The reader should r e f e r  t o  D r .  Knowles' and D r .  Lederberg's write- 
ups l a t e r  i n  t h i s  repor t .  

6. 
specific CW and BW threat designs. 
problems i n  weaponizing chemical and biological  agents fo r  t hea t e r  
b a l l i s t i c  missi les ,  a number of countries appear t o  be capable of 
such achievements (or  they could acquire the  capabi l i ty  from other 
coun t r i e s ) .  Designers of chemical and biological  warheads have a 
number of p r a c t i c a l  options fo r  weaponization; t he  l e t h a l i t y  
program needs t o  consider the f u l l  range of such options.  

The lethality program should not rely on a small number of 
While the re  a r e  d i f f i c u l t  

The CW submunition warhead presently being used i n  the  l e t h a l i t y  
program i s  derived from an HE submunition where the  HE i s  replaced 
with a chemical agent. This is  ce r t a in ly  a possible design option, 
but a s  a chemical submunition it seems grossly overdesigned and it 
may not be the  optimum way of del iver ing chemical agents.  The 
l e t h a l i t y  program (and the  modeling methodologies which a re  being 
developed) should not r e ly  only on t h i s  one very hard design, but 
should look a t  a range of designs so the  system developers have 
information on how th rea t  hardness t rades  off with t h r e a t  
effect iveness .  

7 



Recommendation 6a: Develop a set of reasonably-engineered generic 
point designs for chemical and biological warheads (and for HE and 
nuclear warheads if they do not exist) using whatever information 
exists about foreign designs and considering past U . S .  designs as 
possible options since a foreign adversary may have gotten them 
and since the engineering details are readily available. Consider 
newer materials and processes that may be available now to a 
foreign adversary. Bracket the uncertainties with these designs. 

Recommendation 6b: Investigate simple countermeasures that an 
adversary might employ against our interceptor missile systems and 
quantify the associated penalties for him. Both operational 
changes and material/structural hardening should be considered. 

Recommendation 6c: As a part of the lethality assessment (see 
next item), assess the relative hardness of all the different 
types of threat TMD warheads and the systems implications to our 
interceptor programs, taking into account the range of design 
options for each type of threat and the associated uncertainties 
and possible countermeasures. Use these results to help prioritize 
the TMD lethality research in terms of which threats are most 
important. 

7. The TMD lethality assessment conducted to date is incomplete. 
Only a few warhead designs have been analyzed (HE/Chem 
Submunition, Unitary Chem, and Unitary HE). No error bars have 
been employed on the failure models. The assessment is heavily 
systems oriented without a lot of target interaction and target 
response physics modeled. A more complete assessment (or 
sensitivity study) is needed to help plan the lethality program. 

Recommendation 7a: DNA should conduct a comprehensive first-order 
lethality assessment against all the TMD targets of interest (with 
HE, chemical, biological and nuclear warheads) using best 
estimates of the target descriptions and the failure models. 
Emphasis should be on the target interaction and target response 
physics and what it takes to destroy the targets with high 
confidence. The latter needs definition to conduct the study. 
Sensitivity studies should be conducted as a part of the 
assessment to establish the importance of uncertainties in target 
descriptions, target interaction models and target response 
models. The impact of various kill criteria, simple target 
countermeasures and interceptor system constraints should be 
analyzed. The output of this assessment/sensitivity study should 
be a prioritized list of threat drivers and lethality issues for 
the program to focus on. The assessment should be redone 
periodically as more data become available. 

8 



The s e n s i t i v i t y  s t u d y  r e f e r r e d  t o  h e r e  as p a r t  of t h e  a s ses smen t  
i s  e s s e n t i a l l y  t h e  same one r e f e r r e d  t o  i n  i t e m  2 above.  I t  may be 
p o s s i b l e  t o  conduct  p a r t s  of  t h e  s e n s i t i v i t y  s t u d y  s e p a r a t e l y  from 
t h e  a s ses smen t ,  b u t  many o f  t h e  same t a r g e t  i n t e r a c t i o n  models and 
t a r g e t  r e sponse  models are needed i n  b o t h  s t u d i e s .  

8. Large-scale, complex experiments, which appear to be a 
dominant part of the current program, will not by themselves 
provide an adequate basis for good lethality assessments. Such 
tes ts  p r o v i d e  r e l e v a n t  demons t r a t ions  and a l s o  p r o v i d e  an  
o p p o r t u n i t y  t o  o b s e r v e  i n t e r a c t i o n s  between complex phenomenology, 
p a r t i c u l a r l y  i n  warheads c o n t a i n i n g  submuni t ions .  However, t h e r e  
i s  no way t o  g e n e r a l i z e  t h e  r e s u l t s  of  t h e  n e c e s s a r i l y  few large- 
scale expe r imen t s  conducted  t o  date and  t h o s e  p l anned  fo r  t h e  
f u t u r e .  Th i s  i s  p a r t i c u l a r l y  impor t an t  s i n c e  t h e r e  are a large 
number o f  t h r e a t  t a rge t  v a r i a t i o n s  t h a t  need t o  be c o n s i d e r e d  as 
w e l l  as many i n t e r c e p t o r  warhead o p t i o n s .  

Recommendation 8a: I n  a d d i t i o n  t o  l a r g e - s c a l e  t e s t s ,  conduct  
s i m p l e r ,  h igh ly - ins t rumen ted  component tes ts  (on i n d i v i d u a l  
submuni t ions  and  c l u s t e r s  o f  submuni t ions )  t o  u n d e r s t a n d  f a i l u r e  
p r o c e s s e s  and deve lop  f a i l u r e  c r i t e r i a  and f a i l u r e  models. 

Recommendation 8b: Place more emphasis  on i n s t r u m e n t i n g  
i n t e r m e d i a t e  p r o c e s s e s  i n  t h e  l a r g e - s c a l e  e x p e r i m e n t s .  I t  i s  n o t  
s u f f i c i e n t  t o  p i c k  up t h e  p i e c e s  and count  t h e  s u r v i v i n g  
submuni t ions ;  w e  need t o  u n d e r s t a n d  t h e  p r o c e s s e s  which produced 
f a i l u r e  and  t h e  f a c t o r s  which w e r e  r e s p o n s i b l e  f o r  s u r v i v a l  of 
some submuni t ions .  

9. Model development is emphasizing very large and complex 
hydrocode solutions that attempt to include all the interceptor- 
target warhead interactions. The i n i t i a l  a t t e m p t s  are impress ive ,  
a l t h o u g h  t h e r e  are conce rns  as t o  whether  t h e  f a i l u r e  mechanism of 
t h e  i n d i v i d u a l  submuni t ions  i s  c o r r e c t  and whether  t h e  codes  have 
been a d e q u a t e l y  v a l i d a t e d .  S i n c e  large-scale t e s t i n g  canno t  cover 
any b u t  a small f r a c t i o n  o f  t h e  t a rge ts  and impact  c o n d i t i o n s  o f  
i n t e r e s t ,  hydrocodes are go ing  t o  be needed t o  pe r fo rm s e n s i t i v i t y  
s t u d i e s  and  t o  p r o v i d e  a d d i t i o n a l  data t o  be used  w i t h  t h e  t e s t  
data f o r  deve lop ing  a l g o r i t h m s  f o r  t h e  l e t h a l i t y  a s s e s s m e n t s .  

Recommendation 9a: Place more emphasis on a n a l y s e s  of i n d i v i d u a l  
submuni t ion  f a i l u r e  and  shock p r o p a g a t i o n  t h r o u g h  a r r a y s  o f  
submuni t ions .  Develop e n g i n e e r i n g  models and f a i l u r e  c r i te r ia  
u s i n g  d a t a  from s imple  expe r imen t s  (Recommendation 8 a )  and  
val idate  hydrocodes w i t h  data from t h e  s imple  expe r imen t s  p r i o r  t o  
a n a l y z i n g  complex t a r g e t s .  



Recommendation 9b: Build on local response models to predict the 
response of large, complex targets. Consider using different 
models in different zones of the target and analyzing these zones 
separately (e.g., direct impact zone versus surrounding 
structure). Validate codes using data from instrumentation on 
intermediate processes as well as from final damage configuration. 

Recommendation 9c: Implement and maintain parallel modeling 
efforts with organizations that have strong engineering mechanics 
capabilities as well as the required numerical capabilities. 
Conduct frequent working groups with all modelers and basic 
experimenters present. For the time being, de-emphasize "shoot 
offs" where competing groups predict isolated results of large 
comprehensive tests. 

Recommendation 9d: Carefully coordinate the modeling and testing 
efforts. Modelers should have a major input to the test matrices 
and instrumentation plans. 

10. 
advanced (innovative) interceptor kill mechanisms. Rods have shown 
promise over chunky fragments; more work on them is needed. 
Neutralizing chemical agents has shown promise, but penetration 
and mixing are issues that need work. 

The DNA lethality program does not appear to be looking at 

Recommendation loa: Invest some resources in investigating 
advanced/innovative kill mechanisms. For example, consider two 
stage warheads where the first stage is used for target 
penetration and breakup and the second stage is used for agent 
neutralization. DNA should become the leader for kinetic-energy 
lethality technology development. 

11. 
very useful. For example, calculations have been done for AI30 
warhead breakup at low altitudes below normal submunition 
deployment, and incorrect particle sizes have been used for the 
agents. The presenter of this work claimed these cases were run to 
test all the physics in his code, but valuable time is being 
wasted and some of the earth boundary layer physics being 
considered may not even be important to the TMD lethality problem 
involving missile-based threats. (Note, it could be important to 
low-altitude cruise-missile-based threats.) 

Atmospheric agent dispersal analyses to date have not been 

Recommendation lla: Focus atmospheric dispersal analyses for 
missile threats on high altitude intercepts (prior to submunition 
deployment). Consider, on a statistical basis, a range of 
atmospheric conditions for geographical areas of interest and 
include atmospheric degradation as well as dispersal. Determine 
intercept requirements for high confidence of safe concentrations 
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on t h e  ground.  Cons ide r  v a r i o u s  t a r g e t  breakup c o n d i t i o n s  t o  
de te rmine  s e n s i t i v i t y  on ground c o n c e n t r a t i o n s .  E v a l u a t e  t h e  
impor tance  o f  a s m a l l  number of  s u r v i v i n g  o r  p a r t i a l l y  damaged 
submuni t ions .  

Recommendation llb: I n v e s t i g a t e  t h e  u t i l i t y  of p r o v i d i n g  
e q u i v a l e n t  r i s k - d o s e  maps f o r  a range  o f  h y p o t h e t i c a l  chemica l  o r  
AB0 a t t a c k s ,  u s i n g  h i s t o r i c a l  wind data (pe rhaps  by s e a s o n )  for  
the s p e c i f i c  areas of i n t e r e s t .  A l s o  i n v e s t i g a t e  t h e  u t i l i t y  of a 
q u i c k  l o o k  r e a c t i o n  c a p a b i l i t y  t o  assess t h e  i m p l i c a t i o n s  of a 
specific a t tack  on a g iven  day .  DNA s h o u l d  t a l k  t o  FEMA and o t h e r s  
abou t  a cooperative program t o  upda te  t h e  c i v i l  d e f e n s e  aspects of 
a c h e m i c a l / A B O  a t t a c k .  

Recommendation llc: D r a w  upon DNA e x p e r t i s e  i n  h i g h - a l t i t u d e  
n u c l e a r  c l o u d  model ing (see n e x t  i t e m )  t o  s t r e n g t h e n  t h e  chemica l  
and b i o l o g i c a l  dispersal work .  

Editorial Note: The Army h a s  r e c e n t l y  e s t a b l i s h e d  a working group 
t o  address t h e  chemical/ABO a tmospher i c  dispersal problem. The 
Blue Ribbon R e v i e w  C o n s u l t a n t s  were n o t  br iefed on t h e  p l a n s  and 
progress of t h i s  g roup .  The recommendations above are based on one 
top ica l  p r e s e n t a t i o n  and t h e  LTH-5 Semi-Annual Program Review of 
March 2 and  3, 1 9 9 2 .  The c o n s u l t a n t s  b e l i e v e  t h a t  t h i s  program 
area s h o u l d  be reviewed f u r t h e r  i n  t h e  n e a r  f u t u r e .  

12. There is considerable synergism between the TMD lethality 
research and other DNA activities. For example, t h e  work on 
dispersal of haza rdous  materials i n  t h e  atmosphere i s  similar t o  
t h e  a d v e c t i o n  and  d i f f u s i o n  of  n u c l e a r  f a l l o u t  and  it i s  related 
t o  a companion program r e c e n t l y  begun a t  DNA conce rn ing  col la teral  
effects from t a r g e t i n g  chemica l  and b i o l o g i c a l  s t o r a g e  and  
manufac tu r ing  f a c i l i t i e s .  S i m i l a r l y ,  t h e  model ing of i n t e r c e p t o r  
p e n e t r a t i o n ,  t a rge t  breakup,  e tc .  i s  s imi l a r  t o  t h e  dynamic 
modeling of s t r u c t u r e s ,  RVs ,  e tc .  t h a t  DNA h a s  worked on for  
y e a r s .  U n f o r t u n a t e l y ,  t h e r e  does  n o t  seem t o  be much of a 
connec t ion  between p r e v i o u s  r e l a t e d  n u c l e a r  e f f e c t s  work  a t  DNA 
and t h e  TMD L e t h a l i t y  Program. C e r t a i n l y  a f r e s h  s tar t  w i t h  new 
people might  create new i n s i g h t ,  b u t  some connec t ion  t o  past  
e f fo r t s  seems wor thwhi le .  With t h e  s c h e d u l e  and budget  c o n s t r a i n t s  
on t h e  TMD L e t h a l i t y  Program, it would be  v e r y  h e l p f u l  t o  t r a n s f e r  
any e x p e r t i s e  t h a t  e x i s t s  i n  o t h e r  program areas t o  t h i s  one.  The 
o t h e r  related DNA projects  might as w e l l  b e n e f i t  f r o m  a better 
u n d e r s t a n d i n g  of w h a t  i s  b e i n g  done under  t h e  TMD L e t h a l i t y  
Program. 
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Recommendation 12a: Invi te  the  relevant CTMs from re la ted  DNA 
programs t o  pa r t i c ipa t e  i n  the  next program review. Encourage them 
t o  ac t ive ly  pa r t i c ipa t e  i n  the  formulation of the  TMD Lethal i ty  
Program. 

13. No work is being done on kill assessment related to TMD. The 
requirements fo r  k i l l  assessment a re  l e s s  c l ea r  fo r  TMD than fo r  
s t r a t e g i c  defense s ince the  time l ines  a re  shorter  and the  
opportuni t ies  fo r  second shots may be l e s s .  I n  addi t ion,  
submunitions make k i l l  assessment a harder problem fo r  TMD than 
fo r  s t r a t e g i c  appl icat ions.  

Recommendation 13a: Invest igate  a rch i tec ture  s tudies  t o  e s t ab l i sh  
whether k i l l  assessment has a ro le  i n  TMD. I f  so, invest igate  
possible  approaches fo r  doing k i l l  assessment and begin co l lec t ing  
relevant data  i n  ground experiments. 

14. A conventional type interceptor may not be able to defeat all 
possible TMD warheads with high confidence. Kill ing a large number 
of chemical or  biological  submunitions i n  one warhead could be 
very d i f f i c u l t  and may end up involving low confidence. 

Recommendation 14a: A s  a backup option, we agree w i t h  D N A ' s  
decision t o  invest igate  the  poten t ia l  l e t h a l i t y  of a low-yield 
nuclear interceptor  against  TMD warheads, assuming t h a t  i f  a l l  
e l s e  f a i l s ,  a nuclear response t o  a chemical or  biological  t h rea t  
would be considered acceptable.  

15. 
even using just simulants, must be reported now under the 
confidence building measures of the 1972 Biological Weapons 
Convention. Failure  t o  report  t h i s  work could complicate 
discussions w i t h  the  Russians over reporting t h e i r  past  biological  
programs. Public knowledge of our defensive programs should be a 
deterrent  t o  the  p ro l i f e ra t ion  of biological  weapons. 

Any type of lethality program involving biological warheads, 

Recommendation 15a: Coordinate w i t h  S D I O  over who should report  
the S D I O  funded biological  l e t h a l i t y  work. The DNA funded work on 
nuclear interceptors  should probably be reported separately.  

D r s .  Huxsoll and Gakenheimer prepared a separate  report  on t r e a t y  
considerations fo r  t e s t i n g  biological  defenses t h a t  shows the  type 
of mater ia l  the  U . S .  has been report ing i n  April  of each year.  
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